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The horizontal symmetry U(3)H can greatly help in solving the flavor problems in supersymmetric
grand unification. We consider the SU(5)×U(3)H model of ref. [1] and show that it can lead to the
remarkable relations between the fermion mass matrices and the soft SUSY breaking terms at the
GUT scale. The supersymmetric flavor-changing phenomena are naturally suppressed. The possible
extensions to the SO(10) × U(3)H model are also outlined.
PACS numbers: 12.60.Jv, 11.30.Hv, 12.10.Dm, 12.15.Ff
The flavor problem is one of the key problems in parti-
cle physics [2]. In the context of supersymmetric the-
ories it has two aspects: fermion flavor and sfermion
flavor. The first aspect concerns the quark and lepton
mass spectrum and mixing pattern. In the minimal su-
persymmetric standard model (MSSM) the fermion sec-
tor f consists of three families li=(ν, e)i, e
c
i , qi=(u, d)i,
uci , d
c
i (i = 1, 2, 3). Their masses emerge from the Yukawa
couplings to the Higgs doublets H1,2:
WY = lλˆee
cH1 + qλˆdd
cH1 + qλˆuu
cH2, (1)
where the 3× 3 matrices λˆe,d,u of the coupling constants
remain arbitrary. However, supersymmetric grand uni-
fied theories (SUSY GUT), in particular, the models [3,4]
based on SO(10) or SU(6) symmetries can provide pre-
dictive textures for the Yukawa couplings.
The second aspect, a specific of SUSY, questions the
mass and mixing spectrum of (yet undiscovered) super-
partners, or in other words the pattern of the soft SUSY
breaking (SSB) terms (the tilde labels sfermions):
LA = l˜Aˆee˜
cH1 + q˜Aˆdd˜
cH1 + q˜Aˆuu˜
cH2,
Lm =
∑
f f˜
†mˆ2
f˜
f˜ (f = l, ec, q, uc, dc). (2)
Here Aˆe,d,u and mˆ
2
f˜
are the arbitrary 3 × 3 matrices,
not necessarily aligned to the Yukawa constants in (1).
Hence, the fermion-sfermion couplings to neutral gaugi-
nos in general are not diagonal in the basis of the mass
eigenstates. This induces the flavor changing (FC) pro-
cesses like K0 − K¯0 transition, µ → eγ decay, with the
rates much exceeding the experimental ones unless the
sfermion masses are about 100 TeV or larger. In this
case, however, the advantages of supersymmetry in sta-
bilizing the Higgs boson mass would be lost.
In MSSM natural suppression of the SUSY FC phe-
nomena can be achieved by assuming the SSB terms
universality at the Planck scale [5]. However, in the
context of SUSY GUTs this idea becomes insufficient.
The FC effects of physics above the GUT scale MX can
strongly violate the soft-terms universality at lower scales
[6]. This has most dramatic impact on the predictive
frameworks like [3,4]. These theories, in addition to the
standard chiral set of the ‘would be light’ fermion super-
fields f = q, uc, dc, l, ec and standard Higgses H1,2, con-
tain also a vector-like set of heavy fermions F + Fc and
various GUT Higgses. Typically all these have masses
(VEVs) ≥MX and large couplings (with constants ∼ 1).
Actual identification of the fermion flavor occurs after in-
tegrating out the heavy sector [7], when theory reduces
to the MSSM, and the light physical states f ′ generically
emerge as linear combinations of the original f and F
states. This feature provides an appealing explanation
to the fermion flavor structure, since the small Yukawa
constants in the MSSM can be understood as the ratios
of different physical scales in theory [7,3,4]. However, the
same feature creates severe problems in the sfermion sec-
tor. Even if the SSB terms were universal at MPl, their
universality at energies below MX can be strongly vio-
lated due to effects of the renormalization group (RG)
running from MPl down to MX [6] and the heavy sector
decoupling [8]. This would cause dramatic FC phenom-
ena which pose a serious challenge to a whole concept of
the supersymmetric grand unification.
A natural way to approach both flavor problems is to
introduce the horizontal (inter-family) symmetry. Sev-
eral possibilities based on the flavor symmetries U(1) or
U(2) have been considered in the literature [9]. However,
the chiral SU(3)H symmetry [10] unifying all families in
horizontal triplets seems to be the most attractive candi-
date. In this letter we revisit the SU(5)×SU(3)H model
suggested earlier in ref. [1]. We show that it can pro-
vide unified picture of the particle/sparticle masses and
naturally solve the supersymmetric FC problem.
The model contains f fermions in the representations
1
f5¯ = (d
c, l)i ∼ (5¯, 3), f10 = (uc, q, ec)i ∼ (10, 3) (3)
(i = 1, 2, 3 is the SU(3)H index), while the standard
Higgses H1,2 are placed respectively in the superfields
H¯ ∼ (5¯, 1) and H ∼ (5, 1). Since the fermion mass terms
transform as 3× 3 = 6+ 3¯, they can be induced only via
the higher order operators
Gn
χn
M
f5¯f10H¯ +G
′
n
χn
M
f10f10H, (4)
where M ≫ MW is some cutoff scale (hereafter to be
referred to as a flavor scale) and χn (n = 1, 2,...) de-
note the Higgs superfields in two-index representations of
SU(3)H : (anti)sextets χ
{ij} and triplets χ[ij] ∼ εijkχk,
with VEVs 〈χn〉 < M . Notice, that the actual global
chiral symmetry of terms (4) is U(3)H = SU(3)H ×
U(1)H , where U(1)H related to the phase transforma-
tions f5¯, f10 → eiωf5¯, f10; χn → e−2iωχn, can serve as
Peccei-Quinn symmetry unless it is explicitly broken in
the Higgs potential of χn [1].
This picture suggests that the observed mass hierarchy
may emerge from the hierarchy C ≫ B ≫ A of the chiral
U(3)H symmetry breaking scales:
U(3)H
C→ U(2)H B→ U(1)H A→ I (5)
rather than due to the ad hoc choice of small Yukawa con-
stants. In addition, a specific form of the VEVs 〈χn〉 can
lead to the predictive textures for fermion masses. For
example, one can choose χn as a sextet χ3 having a VEV
C towards (3,3) component and two triplets χ2,1 with
VEVs B and A pointing respectively to the 1st and 3rd
directions. Then the whole VEV matrix has a Fritzsch
texture [11] to be transferred also to fermion mass terms:
VˆH =
∑
n
〈χn〉 =

 0 A 0−A 0 B
0 −B C

 . (6)
In the following this pattern will be used as a simple
qualitative reference model [12]. In particular, it implies
the following hierarchy of the U(3)H breaking scales:
A : B : C ∼ √m1m2 : √m2m3 : m3, C ∼M, (7)
where m1,2,3 are typical masses of three fermion families.
The unbroken U(3)H would imply the mass degeneracy
between the sfermion families. However, once nonrenor-
malizable terms (4) are included in the superpotential,
there is no symmetry reason to exclude the analogous
operators in the SUSY breaking sector. Namely, there
can be the following terms with arbitrary coefficients:
An
χn
M
f˜5¯f˜10H¯ +A
′
n
χn
M
f˜10f˜10H,
m25f˜
†
5¯
(
1 + γkn
χ
+
k
χn
M2
)
f˜5¯ +m
2f˜ †10
(
1 + γ′kn
χ
+
k
χn
M2
)
f˜10. (8)
The SSB terms (2) which emerge after substituting the
VEVs 〈χn〉 are non-universal in families. In view of
estimates (7) the mass splittings and mixings between
sfermions are significant, so that the contributions e.g.
to the CP-violating parameter εK in K
0 − K¯0 system
will be too large unless the sparticle mass scale is of few
TeV. This situation, generic also for the models [9], how-
ever implies the certain amount of fine tuning for stabi-
lizing the Higgs boson mass. Therefore, more convincing
approach would be desirable.
It was suggested in [1] that operators (4) emerge en-
tirely from the renormalizable theory, after integrating
out some heavy (with mass ∼M) F -states. Let us intro-
duce the vector-like fermions in representations
F =(U c, Q,Ec)i∼ (10, 3¯), Fc= (U,Qc, E)i∼ (10, 3) (9)
and consider the most general Yukawa terms:
WY = gf5¯FH¯ + g′f10FH + bΣFFc + anχnFcf10, (10)
where the ‘horizontal’ Higgses χn ∼ (R, r) can be in all
possible representations of SU(5) × SU(3)H , with R ⊂
10×10 = 1+24+75 and r ⊂ 3¯× 3¯ = 3+6¯. For simplicity
we take Σ as a singlet, with the VEV 〈Σ〉 = M ∼ MX .
The general pattern of the SSB terms is
LA = Af˜5¯F˜ H¯ +A′f˜10F˜H +BΣF˜ F˜c + Aa′nχnF˜cf˜10
Lm = m25f˜ †5¯ f˜5¯ +m2f˜ †10f˜10 + µ2F˜ †F˜ + µ2cF˜ †c F˜c (11)
where the magnitudes of the dimensional parameters can
vary from hundred GeVs to TeV.
After substituting the VEVs 〈χn〉 couplings (10) re-
duce to the following mass matrices:
ec Ec
l
E
(
0 gˆH1
Mˆe Mˆ
)
,
dc Qc
q
Q
(
0 MˆTq
gˆH1 Mˆ
)
,
uc Qc U c
q
Q
U

 0 MˆTq gˆ′H2gˆ′H2 Mˆ 0
Mˆu 0 Mˆ

 . (12)
where each entry is 3×3 matrix in itself: gˆ = g1l, gˆ′ = g′1l
and Mˆ = M1l are the family blind matrices, and all in-
formation on the fermion flavor pattern is contained in
the off-diagonal blocks Mˆf =
∑
n an〈χn〉f . Here the sub-
script f = e, q, u implies that the fields χn, depending on
their SU(5) content, induce different Clebsches in corre-
sponding elements of the matrices Mˆe,q,u.
After integrating out the heavy sector theory reduces
to the MSSM with the light fermion superfields f ′ being
the linear combinations of the initial f and F states.
Notice, that dc and l (components of f5¯) do not mix to
the heavy states: l′ = l, d′c = dc, while the members of
f10 (u
c, q, ec) mix to the corresponding states (U c, Q,Ec)
in F . In the ‘seesaw’ limit Mˆq,u,e ≪ M this yields the
following form of the MSSM Yukawa matrices (1):
2
λˆe = gκˆe, λˆd = gκˆ
T
q , λˆu = g
′(κˆTq + κˆu). (13)
where κˆf = Mˆ
−1Mˆf , f = e, q, u. For example, one can
fix the sextet χ3 inducing the largest VEV (C) in the
U(3)H symmetry breaking chain (5) as SU(5) singlet:
χ3 ∼ (1, 6¯). Then the (3,3) entries of Mˆq,u,e are equal
and thus we maintain the b − τ Yukawa unification at
the GUT scale: λb = λτ , while λt/λb = 2g
′/g [13]. The
fields χn with smaller VEVs should include the ones in
the mixed representations like χ2 ∼ (24, 3), in order to
produce the nontrivial SU(5) Clebsches distinguishing
the quark and lepton mass entries for the light families
[14]. In this paper we do not assume any particular tex-
ture for the VEVs 〈χn〉: Mˆq,u,e are general matrices with
a hierarchy of elements that is typical for the fermion
mass matrices. However, by imposing the certain simple
textures on 〈χn〉, e.g. (6) or alike, one could produce
fermion mass ansatzes with a predictive power as strong
as in the SO(10) based models [3]. An example of such
a predictive model was presented in ref. [12].
Substituting the VEVs 〈χn〉 in the full scalar La-
grangian, we obtain the total mass matrix e.g. for the
slepton states (l˜∗, E˜∗, e˜c, E˜c):

mˆ25 0 0 AˆH1
0 µˆ2c+Mˆ
2+MˆeMˆ
†
e AM˜e BMˆ
0 AM˜ †e mˆ
2+Mˆ †eMˆe MMˆe
AˆH∗1 BMˆ MMˆ
†
e µˆ
2+Mˆ2


(14)
and analogously for squarks, where mˆ2 = m21l, Aˆ = A1l,
etc. are family blind entries and M˜f =
∑
n a
′
n〈χn〉f , f =
e, q, u, have approximately the same pattern as Mˆe,q,u.
Integrating out the heavy fields in matrices (14), one can
obtain the SSB terms (2) which are left for the light f ′
states in the MSSM. We find that all A-terms are aligned
to the corresponding Yukawa matrices:
Aˆe =
A
g
λˆe, Aˆd =
A
g
λˆd, Aˆu =
A′
g′
λˆu, (15)
The fragments of f5¯, d
c and l, do not mix to the heavy
states and their soft masses remain family blind:
mˆ2
l˜
= m251l, mˆ
2
d˜c
= m251l, (16)
while the other soft mass matrices are the following:
mˆ2e˜c = m
2
(
1l− δκˆ†eκˆe − δAρˆ†eρˆe
)
,
mˆ2q˜ = m
2
(
1l− δκˆ†qκˆq − δAρˆ†q ρˆq
)
,
mˆ2u˜c = m
2
(
1l− δκˆ†uκˆu − δAρˆ†uρˆu
)
, (17)
where δ = (µ2 − m2)/m2, δA = A2/m2 are generally
∼ 1. The matrices ρˆf = 1M M˜f − BA κˆf are approximately
aligned to κˆf , but are not exactly proportional unless
a′n ∝ an. The terms ∼ δ arise due to difference of the soft
masses m and µ, from the same rotation of superfields
in f10 and F which defines the physical light (f
′
10) and
heavy (F ′) fermions. The terms ∼ δA emerge due to
the additional small mixing (∼ A/M) between the states
f˜ ′10 and F˜
∗
c . In fact, these are contributions to the soft
masses of the physical states which emerge from the A-
terms (11) in decoupling the heavy sector.
Thus, in our model the boundary conditions for the
SSB terms at the flavor scale are different from the uni-
versal ones usually adopted in the MSSM. In order to
deduce the SSB terms pattern at the electroweak scale,
the expressions (15), (16) and (17) should be corrected
by the RG running below the scale M . Clearly, all FC
effects will remain under control, once they are not big
at the scale M . Namely, eqs. (15) and (16) imply that
there are no flavor changing in the left sleptons and right
down squarks, as well as in L-R mixing. This leads to im-
mediate suppression of the supersymmetric contributions
which are generally dominant to the K0 − K¯0 transition
and µ → eγ decay. Nevertheless, the contributions to
εK and electric dipole moments can be still too big for
the sfermion masses up to 1 TeV unless the CP-violating
phases are small. The latter case could occur e.g. if the
theory possesses CP-invariance which is spontaneously
broken by the ‘horizontal’ VEVs 〈χn〉.
It is interesting to consider a situation when ρˆf are van-
ishing. This would occur if the SSB terms were universal
at the Planck scale, i.e. LA ∝ WY [5]. As it was shown
in [8], the A-terms RG running belowMPl is not relevant
at the decoupling of the heavy sector, which fact actu-
ally is an implication of the F-terms no-renormalization.
Then, taking into account eqs. (13), we obtain [15]:
mˆ2e˜c = m
2
(
1l− δ
g2
λˆ†eλˆe
)
, mˆ2q˜ = m
2
(
1l− δ
g2
λˆdλˆ
†
d
)T
,
mˆ2u˜c = m
2
[
1l− δ
g2
(
λˆ†d − gg′ λˆ†u
)(
λˆd − gg′ λˆu
)]
(18)
(recall also that g/g′ = 2λb/λt if χ3 ∼ (1, 6¯)). Thus, in
this case whole pattern of the SSB couplings (2) at the
scaleM is completely fixed solely in terms of the Yukawa
matrices (1) irrespective of the concrete form of the lat-
ter. (Note, for δ > 0 the sfermion masses (18) exhibite
the inverse hierarchy). One can rotate fermion states to
a basis in which λˆe and λˆd are diagonal: λˆe,d = λˆ
D
e,d and
λˆu = V
†λˆDu Vc, where V is the CKM matrix. Hence, all
sflavor parameters (15 sfermion masses and 7 matrices
of the f − f˜ mixing) are predicted in terms of 13 stan-
dard parameters (fermion masses and CKM matrix) plus
5 new parameters: masses m,m5, dimensional constants
A,A′ and dimensionless δ/g2 defining the relative mass
splittings between sfermion families. For example, we
have mass relations
m2e˜ = m
2
µ˜ = m
2
τ˜ ,
m2µ˜c −m2e˜c
m2τ˜c −m2e˜c
=
m2µ
m2τ
(19)
for sleptons and the similar formulas for squarks.
3
Now the soft mass terms of the e˜c and d˜ ⊂ q states
as well as the trilinear couplings Aˆe and Aˆd are aligned
respectively to λˆe and λˆd, while the states l˜ and d˜
c are
degenerate between families. Therefore, there are no new
supersymmetric contributions to the K0−K¯0 transition,
b → sγ and µ → eγ decays, etc. (besides the standard
ones induced due to the RG running from the scale M
down to the electroweak scale). The new FC effects can
emerge only in the upper sector. Since mˆ2q˜ is aligned to
λˆd, the mixing angles in the u-u˜-gluino couplings coin-
cide with the CKM angles. The magnitudes of the uc-
u˜c mixing angles also have the size of the CKM angles.
Therefore, predictions for D0 − D¯0 transition, etc. are
consistent with the current experimental limits.
In principle, the flavor scale M can be different from
the GUT scale MX ≃ 1016 GeV. However, it can be
constrained by the following arguments. The contribu-
tions of the extra superfields (9) would “explode” (vio-
late perturbativity bound) in the SU(5) gauge constant
running before MPl unless M > 10
12 GeV. As we have
noted, the field χ2 should be in the mixed representation
(24,3) or alike, and thus B ≤MX . Interestingly, the scale
B ∼ 1016 GeV is also favored if one attempts to explain
the large scale structure of the universe via the global
textures related to the SU(3)H symmetry breaking [16].
The lower limit B > 1010 GeV emerges from the experi-
mental bound on the decay K+ → pi+ + familon [17]. In
addition, if U(1)H is not explicitly broken in the Higgs
sector, then it plays a role of the Peccei-Quinn symme-
try and astrophysical constraints on the axion imply that
A = 1010 − 1012 GeV [17]. Taking into account the esti-
mates (7), all these bounds translate intoM = 1013−1016
GeV. As a matter of fact, these constraints ensure that
possible contributions from the truly nonrenormalizable
Planck scale operators like (4) and (8) would be negligible
both for the fermion masses and the SSB terms.
One can extend the symmetry group to SO(10) ×
U(3)H , In this case the f -fermions (3) are included in
f ∼ (16, 3) while the Higgses H, H¯ are combined in
h ∼ (10, 1). As for the F -fermion set (9), it should be
enlarged to F ∼ (16, 3¯) and Fc ∼ (16, 3), which now in-
clude also the SU(5) 5-plets F ′ = (Dc, L)i ∼ (5¯, 3¯) and
F ′c=(D,L
c)i∼ (5, 3). (Certainly, the latter could be in-
troduced directly in the SU(5) × U(3)H frames [1], but
such a theory would not be very predictive.)
One can consider models with the most general pattern
of the renormalizable Yukawa terms:
WSO(10)Y = gfFh+ bkΣkFFc + anχnFcf, (20)
where χn ∼ (R, 6¯ + 3) and Σk ∼ (R, 1 + 8) stand for
all possible Higgses with R = 1, 45 or 210. After substi-
tuting the scalar VEVs, mass matrices of the f and F
fermions all obtain the form similar to the upper quark
matrix in (12), involving now nontrivial entries Mˆf and
MˆF which are defined by the VEV structures 〈χn〉 and
〈Σk〉. After integrating out the heavy sector, all the
Yukawa and SSB couplings will be fixed in terms of 5
matrices κˆf = Mˆ
−1
F Mˆf (f = q, u, d, e, l):
λˆe = g(κˆ
T
l +κˆe), λˆd,u = g(κˆ
T
q +κˆd,u),
Aˆe,d,u =
A
g
λˆe,d,u, mˆ
2
f˜
= m2(1l− δκˆ+f κˆf ) (21)
(Note, the last relation is obtained assuming the Planck
scale universality of the SSB terms). By imposing cer-
tain zero textures like (6) on the VEVs 〈χn〉, one can ob-
tain the matrices κˆf with reduced number of parameters,
where the corresponding entries for different states dif-
fer only by the SO(10) Clebsch factors. In this way one
can produce the highly predictive ansatzes for fermion
masses, in the spirit of the models [3]. However, in con-
trast to the latter schemes, the FC processes can be nat-
urally controlled in these models, and what is more in-
teresting, they can be tested also in the sfermion sec-
tor which, according to (21), involves only two new di-
mensional parameters A/g and δ/g2. Note, that non of
the soft mass matrices in (21) is aligned precisely to the
Yukawa terms, and the fermion-sfermion mixing angles
generally are expected to be of the order of the CKM
angles. Therefore, these models can have testable pre-
dictions for the supersymmetric FC processes which can
be observed in the future experiments.
Concluding, we have shown that SUSY GUTs with the
global horizontal symmetry U(3)H can predict very defi-
nite pattern of the SSB terms and naturally solve the fla-
vor changing problem. (Unfortunatelly, the local SU(3)H
could hardly serve for our purposes, since generally the
large non-universal contributions would emerge from D-
terms [6].) Note, however, that U(3)H can be reduced
to its smaller subgroup without losing the key features
of our approach. In particular, one can consider the hor-
izontal symmetry G1 × G2 × G3, with G = U(1) or ZN
independently acting on different families (i = 1, 2, 3),
and assume invariance under the permutations Gi ↔ Gj .
Needless to say that such models could have a better
chance to be derived from the string theory.
I would like to thank Antonio Masiero, Alex Pomarol
and Zurab Tavartkiladze for useful discussions.
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